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lJ → lIγ in the Standard Model with general dimension 6 terms
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Institute of Theoretical Physics, University of Warsaw, 00-681 Warsaw, Poland
We investigate the possibility of lepton flavor violation in the decays µ → eγ, τ → µγ and
τ → eγ as well as electric dipole moment and anomalous magnetic moment of charged leptons
in the extension of the Standard Model with the most general set of gauge-invariant operators
up to dimension 6.
1 Introduction
The Standard Model (SM) of strong and electroweak interaction is a theory that successfully
explains and predict the elementary particle phenomenology. It is considered to be a low energy
approximation of a more fundamental theory. In the SM, the lepton number of each family
(lepton flavor) is conserved. On the other hand, the discovery of flavor violation would provide
a possible hint of New Physics beyond the SM. So far, neutrino oscillations are the only example
of lepton flavor violation (LFV) that has been observed.
It is possible to extend the SM by keeping its gauge symmetry, the particle content and the
pattern of spontaneously symmetry breaking by adding new effective operators:
LSM = L(4)SM +
1
Λ
∑
k
C
(5)
k Q
(5)
k +
1
Λ2
∑
k
C
(6)
k Q
(6)
k +O(
1
Λ3
) (1)
where Λ is large, of the order of the scale of New Physics. Q
(n)
k denote operators of dimension n
and C
(n)
k stand for corresponding dimensionless coupling constants (Wilson coefficients). Once
the underlying high-energy theory is specified, all the coefficient C
(n)
k can be determined by
integrating out the heavy fields.
In Table 1, we collected the independent dimension-6 operators which could contribute to
LFV process in the charged lepton sector at tree level or at one-loop level (there is a unique
operator of dimension 5 which gives Majorana mass to neutrinos, but its contribution to LFV
in charged lepton sector is negligible). The complete set of dimension 5 and 6 operators can be
found in 1.
2 Radiative Lepton Decays
In this section we calculate the radiative lepton decays ℓJ → ℓIγ , where I, J are flavor indices
running from 1 to 3. The general form of lepton-photon vertex can be written as:
V
IJ µ
ℓℓγ =
i
Λ2
[γµ(F IJV LPL + F
IJ
V RPR) + (F
IJ
SLPL + F
IJ
SRPR)q
µ + (F IJTLσ
µνPL + F
IJ
TRσ
µνPR)qν ] (2)
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Table 1: Lepton Flavor Violating dimension-6 operators.
ℓℓℓℓ ℓℓXϕ ℓℓϕ2D and ℓℓϕ3
Qℓℓ (ℓ¯iγµℓj)(ℓ¯kγ
µℓl) QeW (ℓ¯iσ
µνej)τ
IϕW Iµν Q
(1)
ϕℓ (ϕ
†i
↔
Dµ ϕ)(ℓ¯iγ
µℓj)
Qee (e¯iγµej)(e¯kγ
µel) QeB (ℓ¯iσ
µνej)ϕBµν Q
(3)
ϕℓ (ϕ
†i
↔
D Iµ ϕ)(ℓ¯iτ
Iγµℓj)
Qℓe (ℓ¯iγµℓj)(e¯kγ
µel) Qϕe (ϕ
†i
↔
Dµ ϕ)(e¯iγ
µej)
Q
ϕ3
e (ϕ†ϕ)(ℓ¯iejϕ)
ℓℓqq
Q
(1)
ℓq (ℓ¯iγµℓj)(q¯kγ
µql) Qℓd (ℓ¯iγµℓj)(d¯kγ
µdl) Qℓu (ℓ¯iγµℓj)(u¯kγ
µul)
Q
(3)
ℓq (ℓ¯iγµτ
Iℓj)(q¯kγ
µτ Iql) Qed (e¯iγµej)(d¯kγ
µdl) Qeu (e¯iγµej)(u¯kγ
µul)
Qeq (e¯iγ
µej)(q¯kγµql) Qℓedq (ℓ¯
a
i ej)(d¯kq
a
l ) Q
(1)
ℓequ (ℓ¯
a
i ej)εab(q¯
b
kul)
Q
(3)
ℓequ (ℓ¯
a
i σµνea)εab(q¯
b
kσ
µνul)
Only the form-factors FTL and FTR contribute to ℓ
J → ℓIγ decay. The operators QeW and QeB
can give contribution to these decays at tree-level, it can be written as:
F IJTR = F
IJ⋆
TL = v
√
2
(
cWC
IJ
eB − sWCIJeW
)
(3)
If these Wilson coefficient, CeB and CeW , vanish or are very small (in every renormalizable
theory they can be only loop-generated), other operators can contribute to the lepton to lepton
and photon decay at one loop level (see Fig. 1). The list of Feynman rules arriving from those
operators and the one loop diagrams contributing to these decays are given in 2. The branching
ratio for the ℓJ → ℓIγ (with J > I) is given by:
B [ℓJ → ℓIγ] = m3ℓJ
16πΛ4 ΓℓJ
(∣∣F IJTR∣∣2 + ∣∣F IJTL∣∣2
)
, (4)
Where ΓℓJ is the total decay width of decaying lepton.
The finite 1-loop results for FTL, FTR form-factors are:
F IJTL =
2e
(4π)2

2[(C(1)IJφl + C(3)IJφl )mI(1 + s2W )− CIJφemJ(32 − s2W )]− 5mIC(3)IJφl
3
+
3∑
K=1
CIKKJℓe mK


F IJTR =
2e
(4π)2

2[(C(1)IJφl + C(3)IJφl )mJ(1 + s2W )− CIJφemI(32 − s2W )]− 5mJC(3)IJφl
3
+
3∑
K=1
CKJIKℓe mK


(5)
Operator Q
(3)
ℓequ generates divergent contribution, which can be understood and renormalized
in a complete theory of New Physics (see discussion in ref.2). As such term contains quark fields
and can be constrained from hadronic decays, we do not consider it in our numerical analysis.
For I = J , results presented in Eq. (5) can be directly used to calculate the leptonic electric
dipole moments (EDM),
dlJ =
−1
Λ2
Im[F JJTR] (6)
as well as their anomalous magnetic moments:
aℓJ =
2mℓJ
eΛ2
Re[F JJTR] . (7)
γµ
q = pJ − pI
ℓJ
pJ
ℓI
pI
γµ
ℓJ ℓI
ℓI
γµ
ℓJ ℓI
ℓJ
γµ
Z0, γ0, G0
ℓJ ℓI
Figure 1: Topologies of diagrams contributing to radiative decay ℓJ → ℓIγ.
.
Table 2: Experimental upper limits on the branching ratios of the radiative lepton decays.
Process Experimental bounds
B [τ → µγ] ≤ 4.4× 10−8 3,4
B [τ → eγ] ≤ 3.3× 10−8 3
B [µ→ eγ] ≤ 5.7× 10−13 5
3 Numerical Analysis
The analytical results listed in previous Section can be compared with experimental bounds
on radiative lepton charged decays given in Table 2. As they are dominated by tree-level
contributions from QeB, QeW , denoting C
IJ
γ ≡ cWCIJeB − sWCIJeW one gets
√
|C12γ |2 + |C21γ |2 ≤ 2.45 × 10−10(
Λ
1 TeV
)2
√
Br[µ→ eγ]
5.7× 10−13 ,√
|C13γ |2 + |C31γ |2 ≤ 2.35 × 10−6(
Λ
1 TeV
)2
√
Br[τ → eγ]
3.3× 10−8 ,√
|C23γ |2 + |C32γ |2 ≤ 2.71 × 10−6(
Λ
1 TeV
)2
√
Br[τ → µγ]
4.4× 10−8 . (8)
By neglecting the small lepton mass ratios and taking into account that the Wilson coefficient
of the 4-lepton and Z0-lepton vertices are real in flavor conserving case, we find following ex-
pressions for the EDMs (the current experimental bound are given in Table 3):
de = −6.86× 10−18Im[2× 10−5C3113le + C11γ ](
1 TeV
Λ
)2 e cm ,
dµ = −6.86× 10−18Im[2× 10−5C3223le + C22γ ](
1 TeV
Λ
)2 e cm ,
dτ = −6.86× 10−18Im[C33γ ](
1 TeV
Λ
)2 e cm (9)
and for anomalous magnetic moments:
ae = 1.17 × 10−6Re[2× 10−5C3113le + C11γ ](
1 TeV
Λ
)2 ,
aµ = 2.43 × 10−4Re[2× 10−5C3223le + C22γ ](
1 TeV
Λ
)2 ,
aτ = 4.1× 10−3Re[10−5 × (1.9C(1)33Φℓ + 2.0C3333ℓe − 1.4C
(3)33
Φℓ − 1.7C33Φe) + C33γ ](
1 TeV
Λ
)2 .(10)
The expression for ae can be compared with the difference between experiment and theory for
anomalous magnetic moment of muon 6:
∆aµ ≡ aexpµ − aSMµ = (287 ± 80) × 10−11 . (11)
Table 3: Experimental upper bounds on electric dipole moments of the charged leptons.
EDMs |de| |dµ| dτ
Bounds (e cm) 8.7 × 10−29 7 1.9 × 10−19 8 ∈ [−2.5, 0.8] × 10−17 9
4 Conclusions
In this paper we discussed the tree-level and one-loop predictions for radiative lepton decays,
leptonic electric dipole moments and anomalous magnetic moments of charged leptons in the
SM extended with all lepton flavor violating operators of dimension 6. We presented compact
analytical formulae for those processes in terms of Wilson coefficients of new operators. Numer-
ical expressions based on such formulae and on relevant experimental measurements, collected
in Section 3 can be used to obtain bounds on the magnitude of Wilson coefficients depending
on the scale of New Physics.
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